Comorbidity is common in the general population and is associated with adverse
severity of disability at diagnosis. Previous work suggested that greater disability early in the disease course is a negative prognostic factor for long-term disability, 8, 9 and diseasemodifying therapies are most effective early in the disease course, when disability is mild. 10 Thus, comorbidity-associated differences in time to diagnosis or disability at diagnosis would be important prognostically and therapeutically.
Using the North American Research Committee on Multiple Sclerosis (NARCOMS) Registry, we aimed to determine the association between preexisting comorbidities or health behaviors on the degree of disability at MS diagnosis, as measured using Patient Determined Disease Steps (PDDS), and on the delay between symptom onset and diagnosis. We hypothesized that NARCOMS participants with preexisting comorbid illness or health behaviors would have more disability at diagnosis, after accounting for potential confounders.
METHODS Study design and population. The NARCOMS Registry is a self-report registry for patients with MS, 11 approved by the institutional review board at St. Joseph's Hospital and Medical Center. At enrollment, participants provide demographic and clinical information, including date of birth, age at initial symptom onset, and age at and year of diagnosis. In October 2006, 18,000 active participants were eligible to receive the Fall Update Questionnaire. Per participant preference, we mailed a paper questionnaire (6, 757) or e-mailed an invitation to complete the questionnaire online (11, 243) . To maximize response rates, we used a first-class postcard, two e-mail reminders, and a reminder in a lay publication provided quarterly to NARCOMS participants. We queried NARCOMS participants regarding physical and mental comorbidities. Questionnaire development is outlined on the Neurology ® Web site at www.neurology.org. Participants indicated the presence or absence of a comorbidity and, if present, the year of diagnosis. Participants also reported past and present smoking status, height, and past and present body weight using questions from the Behavioral Risk Factor Surveillance Survey. 12 Based on a literature review, we classified physical comorbidities as very likely to be accurately self-reported, moderately likely to be accurately self-reported, and least likely to be accurately reported. 13, 14 For the primary study, eligible participants were those living in the United States with complete data regarding date of birth, age at symptom onset, age at diagnosis, and age at symptom onset Ն16 years and Ͻ60 years (n ϭ 16,141). These criteria were intended to reduce heterogeneity in diagnostic testing and access to care, permit determination of the onset of the comorbidity in relation to MS onset and diagnosis, and limit heterogeneity due to differences in prognosis among persons with earlyor late-onset MS. 15, 16 For this analysis, we grouped comorbidities into categories: physical, mental, vascular, autoimmune, visual, musculoskeletal, and gastrointestinal (see Neurology ® Web site). Too few participants reported comorbid cancer for individual analysis. The validity of self-reported diagnoses is variable, being reasonably accurate for well-defined, chronic conditions requiring ongoing care but less accurate for diseases with less explicit diagnostic criteria. 13, 14 To account for this, we also created a category for any physical comorbidity, which included only those conditions very likely to be accurately self-reported based on literature review, 13, 14 including diabetes, hypertension, heart disease, breast cancer, colon cancer, rectal cancer, and lung cancer. Body mass index (BMI) was calculated from self-reported height and weight. Overweight was defined as a BMI Ն25 kg/m 2 and Ͻ30 kg/m 2 , and obesity was defined as a BMI Ն30 kg/m 2 . 17 Participants were categorized according to the presence or absence of comorbidity at MS symptom onset and diagnosis.
Delay between symptom onset and diagnosis.
For each participant, we calculated the delay between initial symptom onset and diagnosis (diagnostic delay) in years. Associations between the diagnostic delay and the presence or absence of comorbidity, and other covariates were analyzed with Wilcoxon or Kruskal-Wallis tests, or by using large-sample Z tests and CIs. We constructed a series of multivariate Cox proportional hazards models with diagnostic delay as the dependent variable and comorbidity categories as the independent variables. 18 Covariates included sex, age at symptom onset, and year of symptom onset as independent variables. 19 Year of symptom onset was categorized as Յ1980, 1981-1984, 1985-1989, 1990 -1994, 1995-1999, or Ն2000. Age at symptom onset was categorized as Յ25, 25-39, or Ն40 years based on previous work regarding the diagnostic delay distribution in Denmark. 20 We did not use income, education, or region of residence data for this model because there was sizeable potential for change in these variables between symptom onset, MS diagnosis, and registry enrollment. The proportional hazards assumption was tested using time-dependent covariates and graphical methods. 21 Disability at diagnosis. To determine whether preexisting comorbidity influenced the degree of disability at diagnosis, we restricted the analysis to participants enrolled in the NARCOMS Registry within 2 years of diagnosis (n ϭ 2,375); this allowed the use of demographic and disability data from the enrollment questionnaire. We assumed that changes in these variables were small or none in such a short time interval, based on previous examination of registry participants (data not shown). 19 We report the characteristics of this subgroup and those of the whole sample, because this restriction truncates the distribution of diagnostic delay in patients with more recent symptom onset.
PDDS is a self-reported surrogate measure of the Expanded Disability Status Scale (EDSS). 22 Using PDDS, participants were classified as having mild (EDSS Յ3), moderate (EDSS 4 -5.5), or severe (EDSS Ն6) disability. 23 Using polytomous logistic regression, we assessed the association between comorbidity and severity of disability at diagnosis after adjustment for potential confounders. Polytomous logistic regression is a technique used when the dependent variable is a categorical variable with greater than two classes but not necessarily monotonically ordered. 24 The natural ordering of the data is lost, but all available data are used when calculating parameter estimates. Thus, we compared the odds of having moderate disability as compared with mild disability, and the odds of having severe disability as compared with mild disability. We report adjusted odds ratios (ORs) and 95% CIs as measures of association between comorbidity and degree of disability at diagnosis. Potential confounders of the association between comorbid illness and disability progression considered were demographic characteristics, including age; sex; race; socioeconomic status, including highest education level reached, annual household income, and health insurance status;
and region of residence in the United States. Clinical characteristics considered as potential confounders were age at symptom onset and clinical course at onset; these were captured from the enrollment questionnaire.
Education was included as indicator variables for Ͻ12 years (reference group), high school diploma, associate's degree or technical degree, bachelor's degree, and postgraduate degree. Annual household income was included as indicator variables for Ͻ$15,000 (reference group), $15,000 -30,000, $30,000 -50,000, $50,000 -100,000, and Ͼ$100,000. Insurance status was included as indicator variables for private, public (reference group), and none. Region of residence was included as indicator variables for West (reference group), Midwest, South, and East as defined by the US Census Bureau. Race was included as indicator variables for white (reference group), African-American, and other. Clinical course was defined as relapsing or progressive at onset. Delay from symptom onset to diagnosis was continuous. Age at symptom onset was categorized as Յ25, 25-39, and Ն40 years as indicated above, and included as indicator variables with Յ25 years as the reference group.
RESULTS
Of 16,141 participants meeting the inclusion criteria for the primary comorbidity study, 8,983 (55.7%) responded. 7 Most respondents were white (94.3%) women (75.8%), with characteristics similar to those reported for the general MS population. 25 Nonresponders were less likely to be white and tended to have lower socioeconomic status. 7 Of the 8,983 participants in the primary study, 2,375 (26.4%) enrolled within 2 years of diagnosis (diagnostic delay subcohort). As compared with the entire cohort, this subcohort included a higher proportion of women, and participants with higher incomes and more private health insurance (table 1) . As expected, the subcohort reported less disability and shorter disease duration than the entire cohort. The subcohort also included a higher proportion of participants with a relapsing course at onset (96.5% vs 88.5%) and a higher proportion currently receiving diseasemodifying therapy (84.2% vs 77.4%), but a lower proportion currently receiving immunosuppressive therapies (9.7% vs 14.3%).
Members of the subcohort reported several comorbidities at diagnosis. This included 520 participants (22.6%) with vascular, 56 (2.5%) with visual, 277 (12.0%) with autoimmune, 345 (14.9%) with gastrointestinal, 265 (11.6%) with musculoskeletal, and 668 (29.4%) with mental comorbidities. More than 50% of participants were overweight or obese, 640 (27.8%) smoked, and 529 (23.0%) were exsmokers.
Diagnostic delay. In the entire study sample, the mean (SD) diagnostic delay was 7.03 (7.4) years. In the disability at diagnosis subcohort, the mean diagnostic delay was 7.08 (7.5) years. The diagnostic delay decreased steadily with later year of symptom onset, from 10.6 (9.1) years in participants with on- After stratification by age at symptom onset, the mean diagnostic delay was consistently longer in the presence of vascular, autoimmune, musculoskeletal, gastrointestinal, visual, and mental comorbidities (table 2). The mean diagnostic delay was 6.49 (7.0) years in nonsmokers, 6.58 (6.9) years in active smokers, and 9.13 (8.4) years in ex-smokers (p Ͻ 0.0001, Kruskal-Wallis test). These differences persisted after stratification by age at symptom onset (data not shown). The mean diagnostic delay was slightly longer in participants who were overweight [7.29 (7.6 ) years] and obese [7.29 (7.6 ) years] at diagnosis than in those who were not [6.65 (7.0) years] (p Ͻ 0.0001, Kruskal-Wallis test). For comorbidities and health behaviors, the difference in the diagnostic delay decreased substantially with increasing age at symptom onset. This evidence of effect modification was so great that it is not appropriate to provide a summary estimate of the mean diagnostic delay across the different ages of symptom onset; further, age at symptom onset was included as a stratification variable in multivariable models. Because of small numbers of participants reporting other races, the multivariable analysis was restricted to whites. In multivariable Cox proportional hazards models, all comorbidity categories, smoking, and obesity remained associated with a longer delay between symptom onset and diagnosis as demonstrated by hazard ratios less than 1 (table e-1).
Comorbidity and disability at diagnosis. Because of small numbers of participants reporting other races, this analysis also was restricted to whites. After multivariable adjustment, participants with any physical comorbidity had increased odds of reporting moderate as compared with mild disability at diagnosis (OR 1.66, 1.18 -2.35). To assess dose-response, we included the count of comorbidities in the model as a continuous variable. For every additional physical comorbidity, the odds of moderate as compared with mild disability were 1.13 (1.03-1.23), and the odds of severe as compared with mild disability were 1.18 (1.08 -1.28). This is illustrated in the figure. Similarly, vascular, musculoskeletal, and mental comorbidities and obesity were associated with increased severity of disability at diagnosis (table 3) . Other comorbidities and smoking were not associated with degree of disability at diagnosis (data not shown).
To determine whether the association of comorbidity and disability was mediated by the diagnostic Table 2 Mean (SD) diagnostic delay in years among NARCOMS participants by age at symptom onset, and presence or absence of comorbidity at diagnosis of multiple sclerosis (n delay, we included that variable in the models. For any physical comorbidity, the odds of reporting moderate as compared with mild disability at diagnosis remained elevated (OR 1.49, 1.05-2.11). After including diagnostic delay in the model, the associations between disability and comorbidity or obesity were slightly attenuated (by 13%-37%), 26 in some cases becoming marginally nonsignificant, suggesting that the associations could be partially mediated by the diagnostic delay.
Sensitivity analyses. For the analyses using the disability of diagnosis subcohort, we performed additional analyses to assess the sensitivity of our results to the method of sample selection. Specifically, we 1) restricted the analysis to persons enrolled within a year of diagnosis, 2) expanded the analysis to include persons enrolled within 3 years of diagnosis, and 3) restricted the analysis to persons with a relapsing course at onset and enrolled within 2 years of diagnosis. Our results did not change apart from slight changes in the size of the CIs. DISCUSSION The literature suggests that the delay in diagnosis of MS is affected by sex, age at symptom onset, and year of symptom onset. 19, 20 We also found that comorbidity is associated with longer delays in the time between symptom onset and diagnosis. Factors influencing the patient's time from symptom onset to presentation for evaluation include perceived seriousness of the symptoms, socioeconomic status, and comorbidity. 5, 6 Factors influencing the time to specialist referral once the patient presents to a general practitioner include patient sex, socioeconomic status, comorbidity, and others. The findings regarding comorbidity and diagnostic delays for other conditions are variable, with both shorter and longer delays reported. 6, 27 The cancer literature suggests that for some cancers, comorbidity increases the odds of practitioner delay, possibly because of misattribution of new symptoms to the preexisting condition. Comorbidity, however, may make patients present sooner for evaluation. Our findings suggest that practitioners treating persons with chronic diseases should not attribute new neurologic signs or symptoms to existing conditions without careful consideration, but this must be balanced against overinvestigation. Further research is needed to better understand these issues. We also found that an increasing number of comorbidities, and obesity, vascular, musculoskeletal, and mental comorbidities were associated with a greater degree of disability at diagnosis. To our knowledge, other studies have not addressed the association of comorbidity and severity of disability at diagnosis, but some have focused on comorbidity and disability progression. One populationbased study reported that autoimmune disease was not associated with increased disability progression. 28 Studies show conflicting results regarding the association of smoking and disability progression in MS. 29, 30 We found no association between smoking or autoimmune disease and more severe disability at diagnosis.
Several possible explanations exist for the association of some comorbidities with more disability at diagnosis. First, a clinician could mistakenly attribute MS symptoms to a preexisting condition, 27 increasing the time from symptom onset to diagnosis, and consequently disability at diagnosis. The attenuation of some of the observed associations when the statistical models included the diagnostic delay supports this idea, but this must be evaluated further. Second, comorbidities could act pathophysiologically to increase disease progression. Vascular conditions, for example, are associated with increased peripheral inflammation, and elevated cytokines are associated with increased brain atrophy. 31 Third, having two or more comorbidities that independently cause similar impairments could additively or synergistically increase disability; in older adults, certain combinations of chronic diseases are associated with reduced mobility and functional status. 32, 33 Our finding of more severe disability at diagnosis in persons with comorbidity could be important for several reasons. Patients with comorbidity and increased disability at diagnosis might need or use more health care resources, might adhere differently to medication, or might respond differently to medication. 34, 35 They may also be at risk of undertreatment of their MS; a recent study found that persons with uncontrolled hypertension and unrelated comorbidities were less likely to have their hypertension addressed. 36 We do not know whether disability progression is affected by comorbidity or whether these individuals should be treated differently. In diabetes, for example, aggressive management of comorbidities is increasingly emphasized to reduce diabetes-related complications. 37, 38 Similarly, in MS, comorbidities potentially could be treated more aggressively. Because of the burden of comorbidity in MS, 7 these issues warrant further investigation.
Our study has limitations. The NARCOMS Registry is a volunteer registry, but the characteristics of the registry population are similar to those reported for MS patients from the National Health Interview Survey. 25 Nonresponders tended to be nonwhite, and much of our analysis was restricted to whites; thus, we do not know whether our findings generalize to other racial groups. Nonresponders had lower socioeconomic status. Although we did not identify any interactions between socioeconomic status and our findings, persons of lower socioeconomic status are at increased risk of comorbidity; so our findings may underestimate the impact of comorbidity in this portion of the population. Disability status was selfreported, but a substantial literature supports the ability of MS patients to report health status accurately, 22, 39 and the instruments used are validated. 40 Persons with comorbidity could overreport their degree of disability at diagnosis, but the finding that only some of the comorbidities studied were associated with greater disability argues against this possibility. Study strengths include the large size of the cohort studied and the robustness of our results to sensitivity analyses. We analyzed our data with respect to a priori defined comorbidity categories to avoid excessive statistical comparisons, and we carefully considered confounding factors, including socioeconomic status.
Comorbidity is associated with greater diagnostic delays, and increased disability at diagnosis in MS. Diagnostic delays may partially account for the association between comorbidity and disability at diagnosis. These findings need to be replicated in population-based cohorts. Future studies should evaluate the underlying mechanisms of these associations and determine how treatment of persons with MS and comorbidity can be optimized.
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